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0 Railroad train brake control system. 



© A railroad train (1) brake control system (2) 
comprising an air suply line (15); a main air line (16); 
a system (2) operating mode selector (13) (overload/ 
run, slow brake, fast brake, etc.); a relay valve (8) for 
controlling supply and exhaust of the pressurized 
fluid in the main line (16); a pair of electrovalves (3, 
4) for supplying and exhausting the control chamber 
of relay valve (8); a pair of pressure transducers (10, 
j^9) for generating electric signals proportional to the 
^air pressure inside the control chamber of relay 
valve (8) and main line (16) respectively; means (24) 
gfor generating an electric signal depending on the 
Qjelectrodynamic braking efficiency of train (1); means 
^(25) for generating an electric signal depending on 
j^the traveling speed of train (1); and an electronic 
Coprocessing unit (11) for controlling excitation of elec- 
O trovalves (3. 4) and electrodynamic braking on the 
basis of both the selector (13) setting and the afore- 
Ojm mentioned electric signals. 
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(RAUUROAD TRAIN BI3AK1 CONTROL SYSTEM 



The present invention relates to a railroad train 
brake control system, in particular, for a train fea- 
turing a front and rear electric locomotive and a 
given number of cars, and designed to travel at 
exceptionally high speed, e.g. in the region of 300 
km/hour. 

Railraod trains comprising at least one electric 
locomotive and a given number of cars normally 
feature two types of brakes, one electrodynamic 
and the other pneumatic (or electropneumatic), 
each controlled separately and independently by 
the crew. 

The electrodynamic type is operated by sup- 
plying the electric motors (usually two) on the 
locomotive with a given armature current for pro* 
ducing a brake torque on the motors. 

The pneumatic or electropneumatic type is op- 
erated by regulating the air pressure in the main 
brake line, for producing a given pressure in the 
brake control cylinders. 

Known brake control setups usually feature an 
operating mode selector (overload, run. slow brake, 
fast brake, etc.) and an automatic regulating device 
for controlling air supply and exhaust on the main 
line according to the selector setting. Said auto- 
matic regulating device comprises a relay valve; a 
pair of electrovalves for supplying and exhausting a 
control chamber on the relay valve; a pair of pres- 
sure transducers for genecating electric signals pro- 
portional to the air pressure inside the relay valve 
control chamber and main line respectively; and an 
electronic processing unit for controlling excitation 
of the electrovalves on the basis of both the selec- 
tor setting and the electric signals generated by the 
pressure transducers. 

Such a system is. of course, totally inadequate 
when applied to extremely high-speed trains, due 
to the enormous decision-making capacity required 
of the crew, and the amount of information involved 
(traveling speed, electrodynamic braking efficiency, 
main line air pressure, operation of the communica- 
tion cord, etc.) for selecting the most appropriate 
braking system. 

The aim of the present invention is to provide a 
railroad train brake control system designed to 
overcome the aforementioned drawback typically 
associated with known systems, and which also 
provides for a high degree or reliability and safety. 

With this aim in view, according to the present 
invention, there is provided a railroad train brake 
control system, said train presenting at least one 
electric locomotive and a number of cars, and said 
system comprising: 
an air supply line; 



a main air line; 

a system operating mode selector (overload, run, 

slow brake, fast brake, etc.); 

a relay valve between said air supply line and said 

5 main air line; 

a pair of electrovalves for respectively supplying 
and exhausting a relay valve control chamber; 
a pair of pressure transducers for generating elec- 
tric signals proportional to the air pressure in the 

10 main air line and relay valve control chamber re- 
spectively; 

characterised by the fact that it comprises: 
first means for generating an electric signal de- 
pending on the electrodynamic braking efficiency 

is of said electric locomotive; 

second means for generating an electric signal 
depending on the traveling speed of said train; and 
an electronic processing unit for controlling excita- 
tion of said electrovalves and electrodynamic brak- 

20 ing of said train on the basis of both the setting of 
said selector and said electric signals supplied by 
said transducers and said first and said second 
generating means. 

A preferred non-limiting embodiment of the 

25 present invention will be described with reference 
to the accompanying drawings, in which : 

Fig.t shows a schematic view of a railroad 
train featuring a system in accordance with the 
teachings of the present invention; 

30 F\q2 shows a simplified block diagram of 

the main parts in the Rg.1 system; 

Ftg.s 3 and 5 show electric diagrams of 
some of the circuits in the Flg.2 system; 

Fig.4 shows a graph of brake air pressure 

35 alongside variations In various operating param- 
eters; 

Fig.6 shows a graph of a number of electric 
signals in the Rg.5 circuit in two different operating 
conditions. 

40 

Number 1 in Rg.1 indicates a railraod train 
conveniently consisting of a front electric locomo- 
tive 21, a rear electric locomotive 22, and a number 
of cars 23 (23a, 23b, ... 23n). 

45 Train 1 features a brake control system 2 in 
accordance with the present invention, and housed 
predominantly in the drive cabs of locomotives 21 
and 22, and partly inside cars 23. 
System 2 substantially comprises: 

so an air supply line 15 for supplying compressed air 
from a tank (not shown); 

a maun air line 16 connected to a known type of 
distributor (not shown) controlling the brake cyl- 
inders; 

a selector 13 having a number of system 2 operat- 
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ing mode settings (isolate, overload, run, slow 
brake, fast brake, etc.). each corresponding to an 
electric reference signal generated, for example, by 
a potentiometer 14 assigned to selector 13; 
a relay valve 8 between air supply line 15 and main 
line 16; 

a pair of electrovalves 3 and 4 for respectively 
supplying and exhausting a relay valve 8 control 
chamber (not shown); 

a pair of pressure transducers 9 and 10 for gen- 
erating electric signals proportional to the air pres- 
sure inside main line 16 and said relay valve 8 
control chamber respectively; 
an electronic processing unit 11 for controlling ex- 
citation of electrovalves 3 and 4 controlling supply 
and exhaust of main line 16, on the basis of both 
the selector 13 setting and the electric signals 
generated by transducers 9 and 10. 

Processing unit 11 presents nine inputs 31-39 
and six outputs 41-46. Inputs 31, 32 and 33 are 
connected respectively to the cursor of potentiom- 
eter 14 and to transducers 9 and 10. Inputs 34 and 
35 are connected to respective blocks 24 and 25 
for generating electric signals depending on the 
electrodynamic braking efficiency and traveling 
speed of train 1 . Input 36 is connected to a trans- 
ducer 26a for indicating the setting of an elec- 
trovalve 30a installed in car 23a. input 37 is con- 
nected to a series of alarm contacts 27a, ... 27n 
installed in respective cars 23a, ... 23n. Inputs 38 
and 39 are connected to known circuits (not shown) 
for supplying unit 11 with predetermined brake 
control signals under specific operating conditions. 

Outputs 41 and 42 are connected respectively 
to electrovalves 3 and 4; and outputs 43 and 44 to 
respective electrovalves 3a and 4a in car 23a, for 
supplying or exhausting compressed air from main 
line 16. Output 45 is connected to an electrovalve 
30a series-connected to an emergency exhaust 
member 28a passenger-operated simultaneously to 
contact 27a, said electrovalve 30a being designed 
to intercept exhaust of main line 16 as described 
hereinafter. Output 46 is connected to an appro- 
priate electrodynamic brake control device 47. 

The main features of electronic processing unit 
1 1 will be described with special reference to Fig.2. 
Potentiometer 14 substantially consists of a voltage 
divider consisting of a central potentiometric por- 
tion 50 with a cursor, a pair of fixed positive pole 
resistors 51 , 52, and a pair of fixed ground resis- 
tors 53, 54, so as to produce gradually decreasing 
voltage pickup points 55, 56, 57, 58, 59, 60. 

The cursor on portion 50 is connected to a 
switch terminal on switch 61, the other switch ter- 
minal being connected to pickup point 59. Switch 
61 is controlled by an SR flip-flop 62 having the S 
input connected to terminal 37, and the R input to 
a reset network installed in the drive cab of train 1 



and consisting of a positive-pole-connected push- 
button 63 and a grounded resistor 64. 

The common terminal of switch 61 is con- 
nected to the following inputs or terminals: 

5 the inverting input of a subtracter circuit 66 having 
its non-inverting input connected to terminal 56 and 
its output connected to the anode of diode 67; 
the input of a combining network 68 having three 
outputs 69, 70, 71 connected to respective control 

10 inputs of respective switches 72, 73, 74; 

the first terminal of switches 73 and 74 having a 
second terminal connected to the second terminal 
of switch 72, to the non-inverting input of compara- 
tor 75, and to the inverting input of comparator 79 

75 via resistor 65; 

the first switch terminal of a controlled switch 76 
having its common terminal connected to the first 
terminal of switch 72, and its second switch termi- 
nal connected to a common terminal of a further 

20 controlled switch 77; 

the inverting input of a comparator 78 having its 
non-inverting input connected to terminal 32 and its 
output connected to the R input of two SR flip-flops 
83, 84; 

25 the inverting input of a subtracter circuit 80 having 
its non-inverting input connected to terminal 58 and 
its output connected to both the input of a NOT 
circuit 81 (the output of which is connected to the 
control input of switch 77) and the input of a 

30 variable gain amplifier 82 shown in detail in Fig.3. 

The cathode of diode 67 is grounded via resis- 
tor 87 and also connected to a switch terminal of a 
controlled switch 88, the other switch terminal of 
which is connected to the positive pole via resistor 

35 89 and a common terminal connected to terminal 
46. 

Output 71 of combining network 68 is also 
connected to a first input of a three-input AND 
circuit 90 having its second and third inputs con- 

40 nected respectively to terminals 36 and 39, and its 
output connected to the input of a NOT circuit 91 , 
to a first input of a two-input NAND circuit 92, and 
to one input of a two-input NOR circuit 93 via a 
NOT circuit 94. 

45 The second inputs of NAND circuit 92 and 
NOR circuit 93 are connected to respective outputs 
of comparators 75, 79, the inverting and non-invert- 
ing inputs of which are connected to terminal 33. 
The outputs of NAND circuit 92 and NOR cir- 

50 cuit 93 are connected respectively to terminals 42 
and 41, as described with reference to FIG.1. Said 
outputs are also connected to respective S inputs 
of flip-flops 84 and 83, the outputs of which are 
connected to terminals 44 and 43 in such a manner 

55 as to control electrovalves 4a or 3a in car 23a, as 
well as corresponding electrovalves installed in the 
other cars. 

The output of NOT circuit 91 is connected to a 
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control input of controlled switch 88. 

Amplifier 82 presents two gain conditioning in- 
puts connected respectively to the outputs of 
blocks 24 and. 25 for generating electric signals 
depending on the electrodynamic braking efficien- 
cy of train 1 (via the electric motors on locomotives 
21 and 22) and on actual traveling speed. 

Block 24 substantially consists of an efficiency 
indicator 95 consisting of four switches, each as- 
signed to a respective motor on locomotives 21 
and 22. and which is closed or opened according 
to whether the motor is capable of braking elec- 
trodynamically or not; and a combining network 96 
(Fig.3) for supplying output signals depending on 
the number of motors on locomotives 21 and 22 
capable of braking electrodynamically. An auxiliary 
output of network 96, which only presents an active 
signal in the event of zero electrodynamic braking 
efficiency, is connected to a control input of switch 
76. 

Block 25 substantially comprises a generator 
97 for generating a signal proportional to the travel- 
ing speed of train 1; and a comparator 98 for 
comparing said signal with a number of reference 
signals and so determining within which reference 
speed range train 1 is traveling. 

The output of amplifier 82 is connected to the 
inverting input of a subtracter circuit 99 having its 
non-inverting input connected to terminal 57 sup- 
plying a reference voltage signal from potentiom- 
eter 14. 

In the embodiment shown in Fig.3, amplifier 82 
consists of two amplifying units having respective 
cascade-connected amplifiers 101, 102. each with 
an input resistor 103, 104 and an input-output con- 
necting network 105, 106 consisting of a number of 
parallel branches, each having a resistor and a 
series-connected switch controlled by generator 24 
or 25. 

Network 105 presents four branches with four 
resistors 107, 108. 109, 110 series-connected to 
four switches 111, 112, 113, 114, each having a 
control input connected to a respective output of 
generator 24. In actual use, switches 111, 112, 113, 
1 14 are closed when the number of motors capable 
of braking electrodynamically is 4, 3, 2 and 1 
respectively. 

Network 106 presents three branches with 
three resistors 117, 118, 119 series-connected to 
three switches 121. 122, 123, each having a control 
input connected to a respective output of generator 
25. In actual use, switches 121, 122, 123 are 
closed when the traveling speed of train 1 is below 
185 km/h, between 185 and 255 km/h, and over 
255 km/h respectively. 

The amplifying unit comprising amplifier 101 
presents a gain preferably greater than 1 , whereas 
the one comprising amplifier 102 provides for at- 



tenuation with a gain of preferably 1 or less. For 
example, the resistance of the resistors in network 
105 is always greater than that of resistor 103, and 
increases in value from resisor 110 to 107. Simi- 

5 larly, the resistance of the resistors in network 106 
increases from resistor 119 to 117, the value of 
which is preferably equal to that of resistor 104. 

Operation of the above amplifying units will be 
described in detail later on in connection with sys- 

70 tern 2 analysis of the combined (pneumatic and 
electrodynamic) brake condition, and with the aid 
of Fig.3 showing a graph of the air pressure inside 
main line 16 for different settings of selector 13 
controlling potentiometer 14. Fig.5 shows, in detail, 

;5 a possible circuit arrangement in each car 23, for 
catering to emergency operation of the commu- 
nication cord. 

Said circuit arrangement, e.g. the one in car 
23a, presents a contact 27a having one terminal 

20 grounded and the opposite terminal connected to 
terminal 37 via the anode-cathode junction of de- 
coupling diode 124, to the positive pole via resistor 
125, and to the S input of SR flip-flop 126- The R 
input of flip-flop 126 is connected to a normal reset 

25 network substantially consisting of a grounded re- 
sistor 127 and a push-button 128 connected to the 
positive pole. 

The output of flip-flop 126 is connected to one 
input of a two-input NAND circuit 129, the other 

30 input of which is connected to the output of a 
voltage comparator 130 having Its inverting input 
connected to terminal 33 and its non-Inverting input 
131 connected to a terminal supplying a reference 
voltage signal (Vr) as described in more detail later 

35 on. 

The output of NAND circuit 129 is connected to 
electrovalve 30a (via NOT circuit 136), and to a 
delay network 132 consisting of resistor 133 and 
condenser 134. The output of network 132 and the 
40 terminal connecting position transducer 26a are 
connected to respective inputs of NOR circuit 135, 
the output of which is connected to terminal 36. 

A detailed description will now be given of the 
main functions performed by system 2. 

45 

OVERLOAD 



so This condition requires that main line 16 be 
supplied at greater than normal running pressure. 
In the case of cars featuring brake systems with 
different supply pressures, this is essential for en- 
suring all the cars are supplied at the same pres- 

55 sure (e.g. 5.4 bar) and then gradually restored to 
normal running pressure. The overload function is 
performed by setting the cursor of potentiometer 
14 to pickup point 55 (Fig.2). This substantially 



• 
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results in a particularly high amplitude signal being 
supplied to the input of comparison network 68, 
which emits a 0 signal at output 70 and level 1 
signals at outputs 69 and 71, for closing switch 73 
and opening switches 72 and 74. 

The signal picked up at point 55 is supplied to 
compara tors 75 and 79, which immediately disable 
electrovalve 4 and enable electrovalve 3 via NOR 
circuit 93 and electrovalves 3a, ... 3n via flip-flip 83. 
Electrovalve 3 supplies the control chamber of re- 
lay valve 8, which, in turn, raises the pressure on 
main line 16. Once the required pressure is 
reached in the chamber of relay valve 8 and main 
line 16, signals are generated by respective trans- 
ducers 10 and 9 for disabling excitation of elec- 
trovalve 3 and electrovalves 3a,...3n via comparator 
78 and flip-flop 83. 

The signal picked up at point 55 by potentiom- 
eter 14 is actually added to a ramp signal gen- 
erated by an appropriate circuit (not shown) which, 
being of known performance, is not described 
herein for the sake of simplicity. 



virtue of output 69 of comparing network 68 switch- 
ing to 0, and for opening switches 73 and 74 by 
virtue of outputs 70 and 71 of network 68 being set 
to1. 

5 Consequently, the output of NAND circuit 92 

switches to 1, and the output of NOR circuit 93 to 
0, thus energizing both electrovalve 4 for exhaust- 
ing the control chamber of relay valve 8, and 
electrovalves 4a,...4n for exhausting main line 16 of 

70 cars 23a,...23n. 

The pressure in said control chamber and main 
line 16 falls until the signals generated by respec- 
tive transducers 10 and 9 equal the voltage signal 
set on potentiometer 14, at which point, the re- 

75 quired braking force is maintained. 

The pneumatic-only air pressure on main line 
16 is as shown by the continuous line in Fig.4a, 
and ranges from a maximum of 4.5 bar, cor- 
respondng substantially to application of the brake 

20 blocks, to a minimum of 3.5 bar, corresponding to 
maximum pneumatic-only service braking when se- 
lector 13 is turned 104* in relation to the initial 
brake setting. 



RUN 25 



This is practically the same as the overload 
condition described above, the only difference be- 
ing that potentiometer 14 is set to pickup point 56, 30 
thus producing a slightly lower voltage level and, 
consequently, a lower pressure (e.g. 5 bar) in main 
line 16. 



CREW REQUESTED BRAKE 



This may be performed in one of four operat- 
ing modes: 

a) pneumatic brake; 

b) electrodynamic brake; 

c) combined (electrodynamic and pneumat- 
ic) brake; 

d) fast brake. 



a) Pneumatic brake 

50 

This applies in the event of zero electrody- 
namic braking efficiency, in which case, the OM 
output of generator 24 (Rg.3) sets switch 76 as 
shown in Rg.2, thus eliminating the circuit portion 
connected to switch 77. ss 

The signal picked up by potentiometer 14 cor- 
responds to the center portion 50 cursor setting, 
which signal provides for closing switch 72 by 



b) Electrodynamic brake 

This applies in the event of other than 0 elec- 
trodynamic braking efficiency, and when the cursor 
on potentiometer 14 slides over portion 50, sub- 
stantially describing a 30* angle between pickup 
points 56 and 58 (Fig.4). When this occurs, the 
analogue signal picked up by the cursor is supplied 
to subtracter circuit 66 which, after subtracting the 
running reference signal (terminal 56), supplies it to 
device 47 via switch 88, so as to graduate electro- 
dynamic braking force as a function of the cursor 
setting. 

As said analogue signal is greater than the 
reference signal at terminal 58 of subtracter circuit 
80, the output of substracter circuit 80 is less than 
0, thus setting switch 77 as shown in Rg.2 via a 1 
signal at the output of NOT circuit 81. The running 
reference signal (terminal 56) is therefore supplied 
to comparators 75 and 79 via switches 77 and 76 
(switch 76 being set to the opposite position to that 
shown, by the control signal at the OM output of 
generator 24). The brake system on train 1 there- 
fore operates as though the above running setting 
were to apply, thus maintaining a 5 bar pressure, 
for example, in main line 16 as shown in Fig .4. 

When the cursor reaches pickup point 58, the 
analogue signal at the output of subtracter circuit 
66 is obviously sufficient for achieving maximum 
electrodynamic braking via device 47. 



c) Combined (electrodynamic and pneumatic) 



40 



46 



5 



IP 0 321 987 



brake 

This applies in the event of other than 0 elec- 
trodynamic braking efficiency, and when the cursor 
of potentiometer 14 slides over portion 40, substan- 
tially describing an angle of 64° between pickup 
points 58 and 59 (Fig.4). For the reasons already 
stated, in such a condition train 1 is already sub- 
jected to maximum electrodynamic braking force, 
the pneumatic contribution being graduated as a 
function of both electrodynamic braking efficiency 
and the traveling speed of train 1. 

As the analogue signal picked up by the cursor 
of potentiometer 14 is less than the reference sig- 
nal at terminal 58 of subtracter circuit 80, the 
output of subtracter circuit 80 is positive and pro- 
portional to the difference between them. Via NOT 
circuit 81 . switch 77 is therefore set to the opposite 
position to that shown in Rg.2. thus supplying the 
output signal from subtracter circuit 99 to compara- 
tors 75 and 75 via switches 77 and 76 and switch 
72. 

Before reaching the output of comparator 99, 
the output signal from subtracter circuit 80 is con- 
ditioned threefold (Fig.3) for meeting the following 
requirements: 

1) decreasing pneumatic contribution along- 
side increasing electrodynamic braking efficiency; 

2) decreasing pneumatic contribution along- 
side increasing speed of train 1; 

3) with the cursor set to pickup point 59 and 
a traveling speed of within 185 km/h, combined 
electrodynamic-pneumatic braking force should 
equal maximum pneumatic service braking force 
(with zero electrodynamic braking efficiency). 

The above requirements are met by means of 
the circuit in Fig.3. 

With reference to Fig.3, subtracter circuit 99 
supplies an electric output signal corresponding, in 
the case of a 0 signal at the output of subtracter 
circuit 80. to the signal at terminal 57, thus result- 
ing solely in application of the brake blocks (4.5 
bar pressure in main line 16). 

In the case of a positive signal at the output of 
subtracter circuit 80, subtracter circuit 99 supplies 
an output signal equal to the difference between 
the previous signal and the contribution of said 
positive signal amplified on the basis of electro- 
dynamic braking efficiency and the traveling speed 
of train 1, as already stated. 

The air pressure in main line 16 is therefore as 
shown in Fig.4a. wherein lines 4M, 3M, 2M and 1M 
.show air pressure performance depending on 
whether electrodynamic braking is provided for by 
four, three, two or one motor respectively, and 
assuming, in all four cases, a traveling speed of 
below 185 km/h. The Fig.4b graph shows air pres- 



sure performance in main line 16 assuming electro- 
dynamic braking is provided for by two motors, 
with respective traveling speeds of >255, 185-255 
and <185 km/h. 

5 

d) Fast brake 

The fast brake function is performed by setting 
w the cursor of potentiometer 14 to pickup point 60 
(Fig2). This substantially results in a particularly 
low amplitude signal being supplied to the input of 
comparison network 68, which supplies a O signal 
at output 71 and positive signals at outputs 69 and 
75 70 for closing switch 74 and opening switches 72 
and 73. 

The 0 signal at the output of network 68 also 
zeroes the output of AND circuit 90, which, via 
NOT circuit 91, activates switch 88, thus producing 

20 a maximum control signal on device 47 and, con- 
sequently, maximum electro-dynamic braking 
force. Moreover, the 0 signal at the output of AND 
circuit 90 switches the output of NAND circuit 92 to 
1, thus energizing electrovalve 4 and also elec- 

25 trovalves 4a,...4n via flip-flop 84, 

This results in a sharp fail in pressure inside 
main line 16, accompanied by effective braking 
action which is further enhanced in known manner 
(not whown) by the opening of a wide passage on 

30 selector 13 for further exhausting and reducing the 
pressure on main line 16. 

OPERATION OF THE COMMUNICATION CORD 

35 

In view of the potentially high speed of train 1, 
system 2 is designed to prevent the train being 
stopped by a passenger operating the communica- 
40 tion cord, which function is performed exclusively 
by the crew on the basis of appropriate emergency 
alarms and indicators. Provision is made, however, 
for stopping the train in the event of a breakdown 
on system 2. 

45 When the communication cord is pulled, for 
example, by a passenger in car 23a, contact 27a is 
temporarily and immediately broken (instant to in 
Fig.6), and main line 16 exhausted via exhaust 
member 28a and de-energized normally-open elec- 

so trovalve 30a. 

The breaking of contact 27a switches to 1 the 
outputs of flip-flops 62 (Fig.2) and 126 (Fig.3). 

Rip-flop 62 immediately activates switch 61 for 
achieving maximum service braking as. already de- 

55 scribed; which condition may be reset by the crew 
simply pressing button 63, for preventing the train 
from being stopped on viaducts or inside tunnels, 
etc. 
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In more detail, the output of flip-flop 126 main- 
tains a logic level 1 at one of the two inputs of 
NAND circuit 129, the other input of which switches 
from 0 to.1 the instant (t1 in Fig.6) the pressure 
detected by transducer 10 causes this to generate 
an electric signal lower than the Vr reference signal 
at the non-inverting input of comparator 130 in 
Fig.5. 

Simultaneous logic level 1 signals at the inputs 
of NAND circuit 129 energize (instant t2) elec- 
trovalve 30a, which, within a given operating time, 
intercepts exhaust of main air line 16. 

When the output signal of NAND circuit 129 
switches from 1 to 0, this also discharges con- 
denser 134 of timing network 132, the output of 
which switches from 1 to 0 after a time interval (T 
in Fig.6) which, providing electrovalve 30a functions 
correctly, is greater than the operating time of 
electrovalve 30a. The signal generated by position 
transducer 26a therefore switches to 1, indicating 
correct functioning of electrovalve 30a, and the 
output signal of OR circuit 135 remains at logic 
level 1 . 

Should electrovalve 30a fail to operate (second 
half of the Fig.6 graphs), the signal at terminal 36 
switches to 0 at instant t3, thus providing for maxi- 
mum electrodynamic braking via AND circuit 90, 
NOT circuit 91, controlled switch 88 and device 47, 
as well as fast braking by forcing the output of 
AND circuit 90 to logic level 0, which immediately 
energizes electrovalves 4, 4a,...4n and de-ener- 
gizes electrovalves 3, 3a,...3n. Failure of button 27a 
and correct functioning of rapid exhaust member 
28a will result in fast braking only. That is to say, 
no possibility exists of preventing discharge of rap- 
id exhaust member 28a via excitation of elec- 
trovalve 30a and, consequently, a gradual, inevi- 
table fail in pressure on main line 16 via rapid 
exhaust member 28a and electrovalve 30a. 

In neither of the latter two cases is the crew in 
a position to prevent automatic arrest of train 1. 

The advantages of the system according to the 
present invention will be clear from the foregoing 
description. Firstly, it provides for effectively com- 
bining electrodynamic and pneumatic braking ac- 
tion in a manner which could not possibly be 
demanded continuously from the crew. 

Secondly, despite providing for optimum auto- 
matic performance, system 2 is extremely safe and 
reliable under all operating conditions, by enabling 
automatic arrest of train 1 in the event of malfunc- 
tioning of any of the electronic control circuits on 
the system. 

To those skilled in the art it will be clear that 
changes may be made to system 2 as described 
and illustrated herein without, however, departing 
from the scope of the present invention. 



987 A2 




Claims 

1) - A railroad train brake control system, said 
train presenting at least one electric locomotive and 

5 a number of cars, and said system comprising: 
an air supply line (15); 
a main air line (16); 

a system operating mode selector (13) (overload, 
run, stow brake, fast brake, etc.); 
ro a relay valve (8) between said air supply line (15) 
and said main air line (16); 
a pair of electrovalves (3, 4) for respectively sup- 
plying and exhausting a relay valve- (8) control 
chamber; 

rs a pair of pressure transducers (9, 10) for generat- 
ing electric signals proportional to the air pressure 
in the main air line (16) and relay valve (8) control 
chamber respectively; 
characterised by the fact that it comprises: 

20 first means (24) for generating an electric signal 
depending on the electrodynamic braking efficien- 
cy of said electric locomotive (21 , 22); 
second means (25) for generating an electric signal 
depending on the traveling speed of said train (1); 

25 and 

an electronic processing unit (11) for controlling 
excitation of said electrovalves (3, 4) and electro- 
dynamic braking of said train (1) on the basis of 
both the setting of said selector (13) and said 
30 electric signals supplied by said transducers (9, 10) 
and said first and said second generating means 
(24, 25). 

2) - A system as claimed in Claim 1, and 
wherein said selector (13) provides for generating 

35 an electric brake control signal as a function of its 
setting, characterised by the fact that it comprises 
first switch means (76) controlled by said first gen- 
erating means (24) and designed to assume, in the 
event of zero electrodynamic braking efficiency (or 

40 at any rate below a given predetermined value), a 
first operating position wherein said electric signal 
on said selector (13) is picked up directly, or a 
second operating position wherein, in the event of 
other than zero electrodynamic braking efficiency, 

45 an electric signal is picked up originating on said 
selector (13) and appropriately modified via said 
first generating means (24) and said second gen- 
erating means (25). 

3) - A system as claimed in Claim 1 or 2, 
so characterised by the fact that it comprises first 

substracting means (80) for comparing said electric 
signal generated via said selector (13) with a refer- 
ence signal, and for generating a difference signal 
which is supplied to an amplifying block (82) the 
55 gain of which is modified by said first and second 
generating means (24, 25). 
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4) - A system as claimed in Claim 3. charac- 
terised by the fact that said gain is adjustable in 
such a manner as to be equal to or greater or less 
than one. 

5) - A system as claimed in Claim 3 or -4, 
characterised by the fact that said first generating 
means (24) substantially comprise means (95) for 
detecting the electrodynamic braking efficiency of 
the motors on said train (1); and a combining 
network (96) connected to respective outputs of 
said detecting means (95), for generating control 
signals supplied to said electronic unit (11); said 
control signals being correlated with the number of 
said motors capable of electrodynamic braking. 

6) • A system as claimed in any one of the 
foregoing Claims from 3 to 5, characterised by the 
fact that said second generating means (25) sub- 
stantially comprise means (97) for detecting the 
traveling speed of said train (1); and a comparing 
network (98) connected to said detecting means 
(97), for generating a number of control signals, 
each assigned to a given speed range of said train 
(1). 

7) - A system as claimed in any one of the 
foregoing Claims from 3 to 6, characterised by the 
fact that said amplifying block (82) presents a first 
and second cascade-connected amplifying unit the 
gain of which is conditioned respectively by said 
first (24) and said second (25) generating means. 

8) - A system as claimed in Claim 7, charac- 
terised by the fact that said first amplifying unit 
comprises a first amplifier (101) having a first gain 
conditioning network (105) controlled by said first 
generating means (24). 

9) - A system as claimed in Claim 7 or 8, 
characterised by the fact that said second am- 
plifying unit comprises a second amplifier (102) 
having a second gain conditioning network (106) 
controlled by said second generating means (25). 

10) - A system as claimed in any one of the 
foregoing Claims from 3 to 9, characterised by the 
fact that it comprises second subtracting means 
(99) for receiving the signal generated by said 
amplifying block (82) and for generating a dif- 
ference signal substantially supplied to said first 
switch means (76); said difference signal being 
produced by subtracting said signal generated by 
said amplifying block (82) from a predetermined 
reference signal conveniently picked up at a point 
(57) selectable via said selector (13). 

11) - A system as claimed in any one of the 
foregoing Claims, characterised by the fact that it 
comprises a number of pairs of electrovalves for 
exhausting (3a,.-..3n) and' supplying (4a,...4n) said 
main line (16); each pair being installed in a re- 
spective car (23a,...23n) on said train (1), and being 
controlled by said electronic unit (11). 



12) - A system as claimed in any one of the 
foregoing Claims, wherein each car (23a....23n) on 
said train (1) presents at least an alarm signal 
enabling a contact (27a,..27n) and a rapid exhaust 

5 member (28a,...28n) for exhausting said main line 
(16); characterised by the fact that, for each said 
car (23a,...23n), it comprises an electrovalve 
(30a,...30n) for intercepting the air exhausted via 
said rapid exhaust member (28a,...28n). 

to 13) - A system as claimed in Claim 12, charac- 
terised by the fact that it comprises second switch 
means (61) between said selector (13) and said 
first switch means (76); said second switch means 
(61) being designed to assume a first operating 

75 position wherein said selector (13) is connected to 
said first switch means (76), and a second operat- 
ing position wherein said first switch means (76) 
are connected to a point (60) enabling pickup of a 
predetermined signal available on said selector (13) 

20 and providing for maximum service braking of said 
train (1); each said enabling contact (27a,~27n) 
providing, when operated, for switching said sec- 
ond switch means (61) from said first to said sec- 
ond operating position. 

25 14) - A system as claimed in Claim 13, charac- 
terised by the fact that it comprises crew-operated 
means (62, 63, 64) for resetting said first operating 
position of said second switch means (61) hi the 
event of said second switch means (61) being set 

30 ' to said second operating position by said enabling 
contact (27a,...27n). 

15) - A system as claimed in one of the fore- 
going Claims from 12 to 14, characterised by the 
fact that it comprises means (126, 130. 129) for 

35 enabling each said electrovalve (30a,...30n) de- 
signed to intercept the air exhausted via said rapid 
exhaust member (28a,...28n); said enabling means 
comprising means (130) for confirming a fall in air 
pressure inside said control chamber of said relay 

40 valve (8). 

16) - A system as claimed in any one of the 
foregoing Claims from 12 to 15, characterised by 
the fact that each said electrovalve (30a,...30n) 
presents a position transducer (26a,...26n) for gen- 

45 erating a first or second signal depending on 
whether an actuating member on said electrovalve 
(30a,...30n) is set to a first or second operating 
position. 

17) - A system as claimed in Claim 16, charac- 
50 tensed by the fact that it comprises means (135, 

86, 85, 88, 47) for achieving maximum electro- 
dynamic or fast braking of said train (1), said 
means being controlled by each said position tran- 
sducer (26a,...26n). 

55 
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